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2,819.90; ‘ 
‘METAL ‘DRAWING ‘LUBRICANT 

570.5911]! Adri?l M. Leduc, ,Palnesville, vQh‘io, 355mm! 19 
Diemond'Allreli (lompanyf?leveland, Ohio, a corPGEa 
‘ion of Peilaware ‘ “ i ‘ ‘ ‘ 

Application AprilS, ‘1955, Serial No. 500,058 
2 claims. (c1. 2.051721) . , 

This invention relates to metal ‘processing, and more 
particularly relates to improvement in coating and lubri 
‘cation of metals, such as wire or other‘r'netal to be 
drawn. ‘ i . 

Up to the present time there has been proposed and 
used a variety of “metal surface‘ treating processes pre 
paratory to wire drawings and other metal-forming-"op 

While these prior treatments have differed 
greatly in their details, they may generally be ‘‘ classi?ed 
into several groups. 
One type of prior metal treatment contemplates a de 

scaling treatment, followed by acid pickling and lime 
treatment, wilh or ‘without a subsequent‘glyceride goat 
ling. Processes of this type, while'used'commercially, 
involve a relatively large number of operations andhave 
certain inherent disadvantages, including the additional 
process control required and costs involved. Addition— 
ally, in many processes of-this type, organic‘splvents are 
‘employed as carriers for any lubricant coating applied. 
These solvents generally must ‘be removed" and ‘often 
leave an objectionable greasy residue on the metal. 
Another prior process involves passing wire, or other 

metal to be treated, through a‘ molten salt, for example, 
molten caustic, followed“ by either ‘aqueous Washing, 
without further treatment, or by aqueous washing to 
‘gether with additional rnetal treatments. , , Such processes, 
in some instances, are satisfactory. However, any coat 
ing or ?lm thereby formed on the metal is but‘ a ‘surface 
layer which can ibelrelatilvely easily removed‘, ‘More 
over, the intermediate aqueous washings remeve much 
of any such surface coating. 
A third type of metal treatment‘ contemplates passing 

wire or other metal through a molten bath ‘comprising 
the reaction product of caustic; soda and a fatty aei'd. 
This procedure thus involves “passing the metal‘ through 
a molten soap, generally, in, the, presence of gaps-tie. 
Again, while a soap film is applied‘ to the surfaceof‘the 
metal by this technique, the'coating comprises‘ a pre? 
flormed soap which, may be relatively‘ easilyremg’yed 
from the metal surface. ‘ H 

Since the removal of even 2! small‘amqust' of. surface 
coating in wire drawing‘ may seriously impair the qual-, 
ity of the‘ drawn wire, or injure the drawing’dies, it will 
be appreciated that while the prior art metal treating 

‘ processes do provide various‘ types of ‘lubricant ?lms, the 
‘heretofore proposed processes have ‘not been a completely 
satisfactory solution to the'problem of preparing metal 
for drawing operations. ' " ‘ 

Accordingly, the present invention has ‘for its. principal 
object the provision of a new, and improved metal‘treat 
ing process which avoids the difficulties heretofore en 
countered in conditioning metal prior to. deep. drawing ; 
operations. 
A further ‘Object. of the, invention is the: provision of 

a new‘ and improved adherent’. Protective. lubricant-far 
metals. ‘ 
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“newland improved rnetal treating process of eondition 
1iug a metal surface for subsequent treatment. 

These and other objects and advantages of the inven 
ytion will appear more fully from the following descrip 

‘ tion. ‘ ‘ " “ 

Generally, the present invention is based upon the 
discovery that an improved, uniform, ‘adherent and dura 
‘ble surface diffusion'layer can be provided on‘ metal by 
contacting such metal successively with a ‘first ‘bath corn 
prising- at ‘least one molten alkali metal hydroxide and 
a second ‘bath comprising at least one molten fatty sub 
stance, such‘ as a molten fatty acid, capable of chemical 
reaction with‘said hydroxide to form a strongly adher 
ent, protective, (lubricant surface diffusion zone at and 
beneath the metal surface and thereafter subjecting; ‘this 
surface diffusion zone to an elevated temperature. " 

In.v general, the elevated temperature to which the sur 
face diffusion zone is heated, and the length of time it 
is- exposed to such a temperature, may be varied, de 
pending on the particular ‘application. However, it is, 
.of course, desirable that the ‘metal itself not be appre 
ciably- heated}, at least not heated to the extent that 
the metal surface diffusion ‘layer bond is ‘impaired. ‘ On 
‘the‘contrary, it is preferable only brie?y to exposethe 
surface of the diffusion layer to a relatively high tem 
perature atmosphere, e. g., WON-115009‘ F., as by‘ pass 
ing the metal‘ through a furnace ‘maintained at such‘ a 
temperature.‘ ‘ r 

In practice, excellent results have been obtained by 
passing metal, treated with molten alkali metal hydrox 
ide and‘ a molten. ‘fatty substance, through a furnace 
maintained at a temperature within the range ‘from the 
melting.‘ point of the“ molten‘ fatty substance to‘. a higher 
temperature dictated‘ by the application intended and/the 
speed at which the treated metal will be passed‘ through 
‘the. furnace. In certain applications, temperatures as 
high. as 2000" F; may ‘be used. At present, in treating 
wire‘ it‘ is ‘preferred to expose the‘ surface ‘diffusion; “zone 
to an atmosphere. maintained at a temperature‘ within 
the-‘range. from‘ about 10009>~1I500° F. by passing- the 
‘treated: wire through such an. atmosphere at: a rate ‘of 
from 10 to 20 feetwper minute. Those skilled? in the art 
Will recognize that by. increasing the speed‘ at which 

. treated wire is passed through a high. temperature atmos 
phere; a corresponding increase in the temperature em 
ployed is. required in order to accomplish the same 
amount of heating. 
By the practice of this invention the» molten alkali 

metal‘ hydroxide provides‘ a penetrating. and? cleansing 
action on the metal; being treated; Further, this bene 
?cial action of the alkali metal hydroxide establishes the 
alkali metal hydroxide in highly. reactive form, both at 
the metal surface and deep vvi, Myt‘he pores of the metal. 
Hence, when a thus-treated rnetal is contacted with a 
molten fatty substance, such a, fatty acid, a chemical 
reaction occurs not only at .thepsurface of the metal, but 
after penetrating or diffusingliinto. the metal Within the 
metal pores as well to establish, what is herein referred 
to as a “surface diffusion. ‘sorrel’ ‘ The subsequent ele 
vated temperature treatmentror baking further enhances 
the desirable features-ref the surface by removing unre 
acted fatty substance and. providing, smoother-mars 
uniform surface. Accordingly, the resultant reaction 
product surface diffusionzone i’s'extremely di?icult to 
remove by‘abrasion, as Well‘ asiby- such handling metal 
receives in industry prior to further treatment. 

Another inherent advantage is realized since the heat 
treated reaction product . cgr'npn‘ing the improved sur 
face diffusion zone essent'iallyT isa soap or other lubri~ 
cant soap~likc material; notlenly, are excellent lubricant 
characteristics provided,J butremoylal of this surface (life 
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fusion zone’ when desired may be accomplished readily 
by washing with water or steam without an elaborate or 
costly cleaning procedure. I ' 
The preferred practice of~the_invention at present 

contemplates ?rst preheating metal to an elevated tem 
perature, above the temperature of the molten alkali 
metal hydroxide employed, quenching the thus-heated 
metal in the ?rst molten bath comprising molten alkali 
metal hydroxide," and passing the metal into a second 
molten bath, containing a fatty acid or other substance 
capable of reacting with the molten hydroxide, as indi 
cated- above. The thus-treated metal is then subjected 
to an elevated temperature for a short time, the, tempera 

Q1 

10' 

ture being high enough substantially completely to re- ' 
move unreacted fatty acid or other'unreacted fatty sub 
stance and the exposure time being su?’iciently brief so 
that the surface diffusion layer itself is not injured, nor, 
in most instances, is the metal appreciably heated. 

Those skilled in the art will appreciate that the fore 
going sequence is particularly advantageous where it is 
desired-?rst to anneal or otherwise heat treat wire or 
other metal to be processed, since such metal can ad 
vantageously be transported directly from the heating 
furnace, preferably through an inert or reducing at 
mosphere, such as hydrogen, cracked petroleum gas, 
argon, nitrogen, carbon dioxide, mixtures thereof, or 
the like, into the molten alkali metal hydroxide of this 
invention without intermediate treatment. 
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As used throughout the speci?cation and claims, the ‘ 
expression “alkali metal hydroxide” is intended to in 
clude hydroxides of the various alkali metals, e. g., so 
dium, potassium, rubidium, cesium, and lithium. How 

30 

ever, sodium and potassium hydroxides are, of course,‘ 1~ 
the commonly used alkali metal hydroxides. Because of 
its availability and- low cost, sodium hydroxide is the' 
preferred material at present, and particular'reference 
will be made hereinafter to sodium hydroxide, although 
the practice of this, invention is not limited thereto. 
The second molten bath comprising the material ca 

pable of reacting with the alkali metal hydroxide to 
form an adherent, protective, lubricant surface di?usion 
zone may comprise a variety of materials capable of 
forming an adherent reaction product upon chemical 
combination with an alkali metal hydroxide. Such ma 
terials include oils, greases, fats, fatty oils, fatty acids, 
and fatty acid derivatives, such as fatty acid esters, 
amides, and the like, and are generally termed “fatty sub 
stances” herein. At present, it is preferred to employ 
one or a mixture of fatty acids of commercial purity. 
Superior results are obtained using a fatty acid or fatty 
acid mixture which solidi?es at a temperature well above 
room temperature, i. e., 70° F. Typical fatty acids 
which may be employed, either alone or in admixture, 
include such saturated fatty acids as 

' - ' caproic 

caprylic 
capric 

- lauric 

myristic 
palmitic 
stearic 
arachidic 
behenic, and 
lignoceric acids 

as well as unsaturated fatty acids, such as 
myristoleic 
palmitoleic 
oleic 
linoleic 
linolenic 
elaeostearic 
licanic 
ricinoleic, and 
erucic acids 
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In some instances, natural oils and fats containing 
substantial proportions of one or more of such fatty 
acids also may be employed. Illustrative of such mate 
rials are tallow or lard, ?sh oils, such as whale, men 
haden, sardine, and herring, plant oils, such as coconut, 
palm kernel, babassu, murumuru, palm, rape seed, mus 
tard seed, olive, peanut, sesame, corn, cottonseed, soy 
bean, sun?ower, walnut, linseed, perilla, castor, tung, and 
oiticica oils, as well as certain halogenated derivatives 
thereof. However, aspointed out hereinbefore, it is 
preferable to utilize a fatty substance which, ‘upon reac 
tion with the alkali metal hydroxide, forms a continuous 
solid reaction product layer and'which has a relatively 
high ?ash point in order to minimize danger of ?re caused 
by contact with hot metal. Any danger from such ?ash 
?res can also be prevented, of course, by blanketing the 
molten baths with an inert atmosphere. 

In some instances it is desirable to incorporate one 
or more additives in the molten baths of this invention. 
Suitable additives for the molten alkali metal hydroxide 
bath include substances to lower the melting point of 
the caustic and/ or to improve the cleansing action of the 
caustic. Additives for the molten fatty substance may 
include sulfur-containing substances, such as molyb 
denum disul?de, sodium sul?de, sodium sul?te, as well as 
other lubricant-type materials, e. g., mica, graphite, and 
the like. 

Referring now to the drawings, 
Fig. -l is aschematic ?ow diagram illustrating one em 

bodiment of the method of this invention; 
Fig. 2 is a schematic ?ow diagram illustrating an 

other embodiment of the method of this invention; 
Fig. 3 is a schematic representation of one form of 

apparatus which may be used in the treatment of wire 
‘in accordance with this invention; and 

‘Fig. 4 illustraties schematically another type of ‘appa 
ratus for the treatment of wire in accordance with this 
invention. 

Referring to Fig. 1,’ wire ?rst is passed into molten‘ 
caustic and then into a molten fatty acid, thereby to 
form, in situ, a surface diffusion zone of a lubricant soap 
coating. As indicated in Fig. 1, the wire may be, and 
at present preferably is, subjected to a heat treatment, 
such as annealing at 1600°—l850° F., the temperature 
depending on the type of wire being processed prior to 
immersion in the molten caustic. Optimum results are 
obtained when the wire is heated to a temperature in 
excess of the temperature of the molten caustic ,there 
by to obtain a quenching effect when the wire is con 
tacted with the molten caustic. In this heat treatment 
there preferably is provided an inert atmosphere, e. g., 
nitrogen, carbon dioxide, or the like, surrounding‘ the 
wire. In practice, it is frequently advantageous to ex 
tend the furnace exit tube beneath the surface of the 
molten caustic to insure maintenance of the desired inert 
atmosphere. - ' 

The wire is then passed from the molten caustic di 
rectly into the molten fatty acid without intermediate 
treatment, although in some instances, it is desirable to 
accomplish a predetermined amount of cooling interme-' 
diate the ?rst and second molten baths, as by passage 
of the wireover one or more pulleys or spools interme 
diate the molten baths. Such cooling is only required 
when it is necessary to minimize danger of igniting the 
second molten bath, e. g., fatty acid, upon contact with 
the heated metal. 

After removal from the second bath, the wire is sub 
jected to an elevated temperature in a baking or~other 
heat treatment operation.‘ Such a heat treatment is not 
intended appreciably to heat thewire itself but, on the 
contrary, brie?y to expose ‘the surface of the lubricant 
layer to an elevated temperature. The singular improve 
ment obtained by such heat treatment, or baking, is that 
any unreacted excess fatty substance mechanically car 
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surface islobtain'ed'l'f H . 

The resultant coated Wire may then either be stored 
9r shipped‘ without ‘further treatment,‘ or ‘passed directly 
through wire-‘drawing dies. The drawn wire still retains 
an appreciable ‘thickness of a continuous uniform, pro 
tective and lubricating surface layer. In some instances, 
it is desirable to remove this layer by treatmentl‘with‘wa 
ter, or, preferably, by steam treatment. In \othercases, 
since this layer is extremely‘adh'e're'nt and offers con 
tinued protection against rust, corrosion, and ‘abrasion, 
it is advantageous to ship or'store the .wire without re 
moval of this layer. 

Fig. 2 illustrates amodi?cation of the process of this 
‘invention which does not involve heat treatment of the 
wire‘prior‘to contact with molten caustic. In'the process 
shown in Fig. 2, wire is subjectedto surface cleaning prior 
to ‘caustic treatment.‘ Typicaliof‘ the ‘surface ‘cleaning 
‘treatments ‘contemplated are such conventional metal 
cleaning procedures as‘sana blasting,'ac_id picklihgfa‘cid 
etching, and/or other abrasive or‘chemical treatment, 
including electrolytic metalsurface cleaning operations. 
It should be‘ emphasized that in ‘many applications no 
pretreatment of the metal is‘nec'essary athall, the molten 
caustic 'acco'rdingina th‘oroug‘hirust removing’ and surface 
cleansing‘action". “ 'The‘wire'is thenTs'ubjected-to the‘same 
sequence of operations illustrated in Fig. 1, which opera 
tions, of course, may or may ‘not include cooling inter 
mediate the molten baths. 

Fig. 3 illustrates, in schematic form, apparatus partic 
ularly adapted in the treating of hard'drayvn wire‘in 
accordance with this invention. The apparatus shown 
in Fig. 3 for treating a wire 10 comprises ‘a ‘storage reel 
12, a feed pulley 14,‘a“?rst tubular heat treating furnace 
1,6, ,amolten caustic container 13,, a guide pulley 20, a 

fatty‘ acid gq?t'a'iner'zg, a second tubular “heat 
neat“ Ient furnace 24,“anischarge‘pnigy 26,‘ ‘and take 
up pulley Z8‘driven”. through" belt 30 by iairn'otor 32. 

‘ Those “skilled in’ the art ‘will‘re‘alize that a (variety of ‘types 
of supporting ‘structures (not‘shown) maybe employed 
in utilizing ‘the‘apparatus in“ l-Tig'.w 3. To provide 
an ‘inert or re‘du‘cinglatmosphere when ‘desireldgthere may 
be provided“ tubular extension 17 “having an gas'inlet "19 
for countercurrently introducing the desired atmosphere 
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providing gas, e. g., nitrogen. Alternatively, the outlet 
of'ithe furnace 16 and the molten caustic container may 
be juxtaposed to eliminate exposure of. the wire .prior to 
contact with the caustic. ‘ 

‘ ‘The molten caustic container 18 and themolten fatty 
acid container 22 may be fabricated from nickel, steel, 
Monel, or'o-ther c'hemical- and temperature-resistant metal 
of alloy. Each of theicontainers 18 and 22 preferably 
comprises a curved tubular member, e. g., 12 inch radius, 
having an inlet intermediate its ends, and .a ‘radius of . 
curvature dictated by the minimum bending radius the 
wire to be processed‘ can Withstand. Hence, it Will be 
appreciated that the containers 18 and 22, having a rela 
tively large radius of curvature, permit the processin‘giof 
hard drawn wire which is capable of ‘only a slight degree 
of bending without rupture. Moreover, containers of 
this type have the additional advantage of permitting the 
use of relatively small quantities of molten caustic and 
molten fatty acid. 

In order to provide. the desired elevated. temperature‘ 
within the containers 18 and 22,'each‘ container is pro 
.vided with suitable heating means, such as a longitudi 
nally extending heating coil comprising an electrical re 
sistance heating element (not shown). In order to mini 
mize‘ heat loss‘ the containers 18 and 22 preferably are 
‘suitably covered with asbestos or other insulation. 
‘ In operation, using the apparatus of Fig. 3, wire 10 is 
passed continuously from the storage’, reel 12 over feed 
pulley 14 through the heat treatment furnace 16 'where 
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acid in container 22, through the heat treatment furnace 
24, over the discharge .pul-ley 26, and onto take-up 

’ Referring to ~Fig. 4, which illustrates ‘another form of 
apparatus which Tfnay ‘be used t‘inttreatinggwire 310" in the 
practice of this invention, there is ~prdv‘ided a‘ storage 
spool 34, a first heat treatmcnt‘furnace 36, guide spools 
3811-50.: 4.2., and flea molten caustic .contaiaer 56 
pravicléd with heatmsimeans ‘(not she. a)... 

. some. . W 

.( than. a aqo?d the ‘treatment turaacs ‘4.8. and 
it taken? $1510.01 550 mammal; belt .552, lays migrat 
There is‘ initiated schraistically'i‘ihbralsenlinés @157 ‘one 
embodiment of apparatus permitting the "use of .‘a ‘special 
atmosphere, e. g., inert or reducing, in the furnace 36 
without exposure of the wire 10’ to the outside atmos 
phere prior ‘to contact with ‘the molten caustic. There 
is ralsotprovided ‘an inlet39 for introduction of'the desired 
atmosphererproviding gas. e. g., nitrogen. The opera 
tion “of the;apparatns illustrated in Fig.4 is similar to that 
previously described. {The sequence of .operations is as 
follows: Wire 10' is taken continuously from storage 
reel 34, passed successively through the ?rst heat treat 
meat fqrnacr 36. through molten Fanatic in QF’Ili-ai-Il“ 56, 

nial'féa fatty arid in‘icq'iitai?ar 55., ihwilgh the Second 
‘heat treatment furnace and onto tamernp spool ‘56'. 

The various heat ‘treatment furnaces indicated in the 
drawings may comprise different types of apparatus, in 
cluding ?ame heated devices, depending upon the par— 
ticular application.‘ However, it has “been found prac 
ticable in most instances ‘to employ a tubular heating 
chamber having a relatively small diameter, e. g, 11/2,” to 
11/2" 01‘1'1685, the size, of ‘course, being dictated by ‘the 
size of ‘wire or‘ other metal processed, and providing ade- ‘ 
.quate heating :by a spirally disposed electrical resistance 
heating element about the tubular heating chamber. 
Those skilled in the art will realize, of course, that a 
suitable electrical resistance heating element may com 
prise Nichrome wire, and the tubular heating chamber 
may be ‘formed from a heat resistant metal, ‘such as nickel, 
steel,,or other suitable metal or alloy, or, if desired, from 
a heat-resistant metallic ‘or non-metallic refractory sub 
stance, such as glass or other refractory. It is desirable 
to provide heat-resistant insulation about the heating 
chamber and heating element, a ‘typically ‘practicable in; 
sulation being ?brous asbestos or other mineral substance, 
with or without a heat-resistant binder. 

In order that those skilled in the art may more com 
pletely understand the present invention and the pre 
ferred methods by which the same may be carried into 
effect, the following speci?c examples are o-ffere 1: 

Example I 

A non-annealed steel wire 0.081" in diameter, moving 
at a speed‘of 10 feet per minute, is ?rst passed through ‘a 
3-foot long, 14" diameter, electrically heated tubularfur 
nace at a temperature of l835-° P. The wire emerging 

. from the furnace is at red heat and has an approximate 
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temperature of‘ 1475‘0 This preheated wire passes ‘coin 
tinuoualy into molten‘ sodium‘hydro-xide, which ‘has ‘a 
temperature of 6x80,” The wire then immerspd in 
molten stearic acid maintained at a temperature of 300° 
F. The continuously, moving wire is then passed through 
an 18" long‘, 11/?" diameter tubular furnace maintained 
at a temperature of1205° 4 ' ‘ -' " 1 _ 

i The thus-treated wire is" then passed through wire 
drawing dies’ wherein, in one pass, it is subjected to a 
substantial reduction, i. e., 30%, in diameter. The wire 
draws readily without injury to ‘the die or accumulation 
.Of excess coating thereon.‘ ‘ The drawn wire retains. an 
adherent Brandi)‘; satfaée di'?iuisa 19.1.16 whistles/1 bs 

will-Polish malt-tn {any > 



either removed by water or steam washing, ormay be 
allowed to remain on the wire for protective purposes. 

Example 11 

The procedure of Example I is repeated using palmitic 
acid instead of stearic acid. Substantially the same re 
sults are obtained. 

Example Ill 

Employing apparatus of the type illustrated in Fig. 3, 
using a tubular furnace having a temperature of 1475° F. 
and provided with a nitrogen atmosphere, iron wire is 
heated to red heat and passed successively through molten 
sodium hydroxide at 680° F. and stearic vacid at 212° F. 
There is obtained a durable, protective and lubricant sur 
face on the wire. 

Example IV 

The procedure of Example III is repeated and the 
trated wire is passed at a speed of 10 feet per minute 
through a second tubular furnace maintained at 1475“ F. 
to obtain a harder, more uniform surface and to facilitate 
removal of unreacted stearic acid. 

Example V 

The procedure of Example IV is repeated, using potas 
sium hydroxide instead of sodium hydroxide. Substan 
tially identical results are obtained. 

Example VI 

To illustrate the use of molten alkali metal hydroxide 
in combination with other fatty substances, a series of 
experiments are conducted in the following manner. 
Iron wire is pickled in 50% hydrochloric acid for 5 
minutes, rinsed in water, and then heated to 1350° F. in 
a quartz tube by gas burners. A nitrogen atmosphere is 
provided in the furnace. 
The thus-treated wire is then dipped for 5 seconds in 

molten sodium hydroxide maintained at a temperature 
of 680° F. and thereafter immediately dipped into a sec 
ond molten bath for 5 ‘seconds, the second bath being 
maintained at a temperature of 300° F. The thus-treated 
wires are then passed rapidly through the heated quartz 
tube to obtain an improved coating surface. The fol 
lowing table indicates the compositions of the second 
molten bath and the type of reaction observed: 

Fatty Substance Reaction Observed 

Tung Oil ________________ -_l ___________________ _ _ Mild Reaction. 
Do. 
Do. 

Vigorous Reaction. 
Mild Reaction. 

. o. 

Vigorous Reaction. 
Do . 

Although, as indicated in the above table, a reaction is 
noted in each instance, the adherency and surface char 
acteristics of the resultant coating vary, depending on the 
composition of the second molten bath. 

Example VII 

The procedure according to Example VI is repeated 
using somewhat different temperature conditions. In 
this set of experiments the tubular furnace temperature is 
maintained at 1832° F., the molten sodium hydroxide 
temperature is 932° F.,‘ and the fatty substance tempera 
ture is 302° F., the coated wire samples being passed 
through the tubular furnace after immersion in the molten 
fatty substance in addition to an initial pass through for 
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preheating. The reactions observed with speci?c molten 
fatty substances are shown in the following table: 

Fatty Substance Reaction Observed 

Mild Reaction-Short Duration. 
Mild Reaction. 

Do. 
Vigorous Reaction. 
Mild Reaction. 

. o. 

Vigorous Reaction. 
' Do. 

7 Example VIII 

A further series of experiments are conducted accord 
ing to the procedure of Example VI, except that after 
the wire is washed with water, following acid pickling, 
it is placed in an oven maintained at 212° F. for 15‘ 
minutes. The tubular furnace temperature is maintained 
at 1562“ F., the molten sodium hydroxide temperature 
is 932° F., and the molten fatty substance temperature 
is 302° F. The results of such runs using the fatty sub 
stances, wherein the coated surfaces are subjected to an 
elevated temperature following immersion in the second 
molten bath, are set forth in the table below: 

Fatty Substance Reaction Observed 

Beet Tallow ___________________________________ __ Mild Reaction. 
L d D _ o. 

. Vigorous Reaction. 
Mild Reaction. 

Example IX 

To illustrate the effect of removal of surface diffusion 
layers formed in accordance with the present invention, 
a 12" length of 3732" diameter iron wire which had been 
coated by successive immersion in molten sodium hy 
droxide and stearic acid and passed through an 
18" x 1%" diameter tubular furnace maintained at 1475’ 
F. is placed in a jet of 250 p. s. i. g. steam. By such 
treatment the coating is substantially all removed. 

Example X 

A further experiment is conducted by placing a drop 
of room temperature water on a length of wire treated 
with molten sodium hydroxide and molten stearic acid. 
Examination under a microscope reveals that the surface 
diffusion layer softens under the in?uence of water and 
can then readily be removed by wiping. Toluene and 
carbon tetrachloride are applied in the same manner as 
the drop of water to an identical coating without ap~ 
preciable solvent effect. ~ . 

Example XI 

A 40-foot length of 1%;2" iron wire previously condi 
tioned in accordance with the process of this invention by 
successive immersion in molten sodium hydroxide and 
molten stearic acid and baking at an elevated temperature 
is given a 54% reduction from 0.0915" diameter to 
0.062" diameter in four passes through wire drawing 
dies at a speed of 80 feet per minute. The intermediate 
die sizes and the percent reduction for each pass are as 
follows: 

Percent 
0.0825" ____________________________________ __ 19 

0.075" _____________________________________ __ 25 

0.070" __________________________ -r _________ __ 14 

0.062" _____________________________________ __ 25 

The appearance of the surface of the wire coating im 
proved after each draw and the ?nished 0.062" diameter 
wire retained a uniform coating. - 
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Example XII 
To illustrate the use of lubricant additives to the molten 

fatty substance, the following series of experiments are 
conducted. Samples of iron wire are pickled in HCl at 
room temperature, rinsed, dried, heated to dull red heat 
in a nitrogen atmosphere and immersed in molten sodium 
hydroxide maintained at a temperature of 932° F. The 
samples of the thus-treated wires are then separately im 
mersed in a second molten bath comprising stearic acid 
and one 'of the following additives, the indicated percent 
age being by weight of the stearic acid, and thereafter 
passed through a tubular furnace maintained at 1832" F. 
at a rate su?icient to cause only the removal of unreacted 
stearic acid and an improvement in the surface of the 
diffusion layer without appreciable heating of the wire 
itself. 1 

5% mica powder (160 mesh) . 
50% powdered graphite (Acheson “Electric Furnace” 

Graphite grade 38-National Carbon Co., Inc.) 
5% powdered graphite (Acheson “Electric Furnace” 

Graphite grade 38-National Carbon Co., Inc.) 
In each instance, no apparent reaction of the additive with 
the stearic acid was noted and the resultant coating was 
smooth and homogenous. The baking treatment pro~ 
vided a hard, thin, adherent surface diffusion layer. It 
will be appreciated, thus, that in addition to the other 
advantages hereinbefore set forth, the present invention 
affords an excellent means for binding graphite, even a 
large amount of graphite, on a wire prior to drawing. 

Throughout the speci?cation and claims, in stating that 
the alkali metal hydroxide is employed in the molten state, 
it is meant that its temperature may range from the tem 
perature at which the particular alkali metal hydroxide 
or mixtures thereof become molten, to a temperature 
limited by the boiling point of such hydroxides. How 
ever, as a practical matter, the temperature, which, of 
course, may be varied within this range, depending upon 
the particular application, is the lowest which provides 
the desired effect on the metal being treated. Typically 
practicable temperatures, using sodium hydroxide, are 
within the range from its melting temperature, i. e., 
318.4" C. (606.1” E), to about 510° C. Similarly, the 
temperature of the second molten ‘bath also may range 
from the melting point to the boiling point of the sub 
stance or mixture employed, or higher if a vapor phase 
reaction is desired, although generally temperatures as 
low as possible within this range are employed. Using 
stearic acid, typically practicable temperatures within the 
range from 250°~310° R, although temperatures as high 
as 375° F. have been used. 
The speed at which wire is passed through the molten 

baths and heat treating furnaces can be varied widely and 
is dictated by the type of wire being processed and the 
particular application intended. However, in small-scale 
installations employing temperatures of the order indi 
cated hereinbefore, lineal speeds within the range from 
10 to 20 feet per minute are typical. It is appreciated 
that commercial wire drawing operations involve wire 
speeds often as high as several hundred feet per minute. 
For example, stainless steel wire drawing speeds generally 
range from about 80 to 200 feet per minute, while carbon 
steel wire is often drawn at speeds as high as 500 to 600 
feet per minute. Hence, it is generally more practicable 
to treat wire in accordance with this invention and then 
separately to draw the treated wire. However, in certain 
instances, continuous drawing operations wherein wire is 
?rst treated by the technique of the present invention can 
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10 
be achieved by proper selection of bath compositions, 
temperatures, and wire drawing speeds. 

Metals which can advantageously be treated in accord 
ance with this invention include both ferrous and non~ 
ferrous metals and alloys. Illustrative are various irons, 
steels, including stainless steels, titanium, copper, nickel, 
cobalt, as well as various alloys containing these or other 
metals or alloys. Moreover, while the invention has been 
described with particular reference to wire drawing, it 
will be understood, of course, that other metal operations 
are contemplated as well, e. g., tube drawing, pressing 
and stamping in suitable dies, deep drawing of sheet met 
als, wire rollingQand the like. 
While this invention is applicable in a. variety of metal 

treating operations, those skilled in the art will recognize 
that it provides an improved method for wire patenting, 
i. e., heat treating of wire, generally medium or high car 
bon steel wire, before drawing or between draws, where 
by the wire is heated above its transformation tempera 
ture range and then cooled to a temperature above this 
range. Wire patenting operations heretofore generally 
have involved successively passing wire through molten 
lead, acid pickling, lime slurry soaking, lime baking, and 
subsequent application of a lubricant. In accordance 
with the method of the present invention, the patenting 
can be accomplished directly by successive immersion of 
the wire in molten caustic and a molten fatty acid or 
other fatty substance as indicated hereinbefore, without 
resort to a multiplicity of elaborate and relatively costly 
operations as heretofore required. 
While particular reference has been made herein to the 

conditioning of wire continually passing as individual 
strands or ?laments through the molten ‘baths, it will be 
appreciated that the practice of this invention is particu~ 
larly advantageous in the treatment of coils of wire, tub 
ing and the like. In many instances, depending on the 
application, such coils need not be unwound but may be 
treated in cell form. 

‘It is to ‘be understood that although the invention has 
been described with speci?c reference to particular em 
bodiments thereof, it is not to be so limited, since changes 
and alterations therein may ‘be made which are Within the 
full intended scope of this invention as de?ned by the 
appended claims. 
What is claimed is: 
1. A metal treating process comprising the steps of 

successively immersing the metal in molten alkali metal 
hydroxide, immersing said metal in a molten fatty sub 
stance which reacts with said hydroxide in situ to form 
a lubricant layer, and subsequently subjecting the thus 
treated metal to heating at an elevated temperature suf 
?cient to remove excess unreacted molten fatty substance 
without removing said lubricant layer. 

2. The process of claim 1 wherein said metal is sub 
jected to drawing following removal of the excess molten 
fatty substance. ‘ 
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